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(54) Abstract Trtle 

Lattice-type surface acoustic wave filter 

(57) A surface acoustic wave filter includes a piezoelectric substrate and a plurality of surface acoustic wave 
resonators mounted on the piezoelectric substrate. The plurality of surface acoustic wave resonators are 
connected so as to constitute a lattice-type circuit having series-arm resonators and lattice-arm resonators, 
and a rvalue of the lattice-arm resonators and a y value of the series-arm resonators are made different from 
each others, either by additional capacitors 10, 11 or by varying electrode structures. 

The rvalue is the ration of C0/C1 of the equivalent circuit of the resonator (fig 2). 

This improves the filter characteristic, and finds particular application in mobile communications. 
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SURFACE ACOUSTIC WAVE FILTER 
AND COMMUNICATION DEVICE 

BACKGROUND OF THE INVENTION 

1 ■ Field of the Invention 

The present invention relates to a surface acoustic wave filter in which a 
plurality of surface acoustic wave resonators are mounted on a single piezoelectric 
substrate and more particularly, the present invention relates to a surface acoustic 
wave filter having a lattice-type circuit construction. 
2. Descriptinn nf the Related Art 

Various surface acoustic wave filters have been proposed to function as a 
bandpass filter. Among these surface acoustic wave filters, a surface acoustic wave 
filter that is constructed to deal with balanced input and output has a lattice-type 
circuit construction. 

Fig. 1 6 shows the circuit diagram of a surface acoustic wave filter of a 
lattice-type circuit construction. In the surface acoustic wave filter shown in Fig. 16, 
between a signal terminal 101 and a signal terminal 102, one series arm is constructed 
and a series-arm resonator 103 defining a series arm is connected thereto. 
Furthermore, also between a signal terminal 104 and a signal terminal 105, another 
series arm is constructed and a series-arm resonator 106 defining a series am is 
connected thereto. 

Furthermore, between the signal terminal 101 and the signal terminal 105, a 
lattice arm is constructed and a lattice-arm resonator 107 defining a series arm is 
connected thereto. Furthermore, also between the signal terminal 104 and the signal 
terminal 102, a lattice arm is constructed and a lattice-arm resonator 108 is connected 
to define the lattice arm. 

In the above-described surface acoustic wave filter, any of the series-arm 
resonators 103 and 106 and the lattice-arm resonators 107 and 108 may be composed 
of a surface acoustic v^ave resonator having a pair of terminals. That is, as shown in 
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Fig. 17, the surface acoustic wave resonator having a pair of terminals contains an 
IDT electrode 1 09 disposed in the middle in the propagation direction of a surface 
acoustic wave and reflectors 1 10a and 1 10b disposed on both sides of the IDT 
electrode 109 in the surface wave propagation direction. 

One example of filtering characteristics of the above surface acoustic wave 
filter is shown in Fig. 1 8. 

In Japanese Unexamined Patent Application Publication No. 7-288442, by 
making the resonant frequency of series-arm resonators substantially agree with the 
antiresonant frequency of lattice-arm resonators in a surface acoustic wave filter of a 
lattice-type circuit as described above, it is understood that a filtering characteristic as 
shown in Fig. 19 can be obtained. That is, it is understood that the bandwidth can be 
expanded and that the steepness of attenuation characteristics can be increased in the 
vicinity of the passband. 

On the other hand, Japanese Unexamined Patent Application Publication No. 
9-289434 discloses a surface acoustic wave filter where a plurality of stages of surface 
acoustic wave filters having a lattice-type circuit construction are cascaded and where 
the capacitance ratio between a series arm and a parallel arm at each stage is made 
different. Here, it is understood that, because of the above-described construction, the 
steepness of filtering characteristics is increased in the vicinity of the passband and a 
high attenuation value can be obtained in the frequency region spaced away from the 
passband. For example, when a surface acoustic wave filter of a two-stage 
construction is considered, by making the capacitance ratio between the series-arm 
resonator and the lattice-arm resonator equal in a first stage, a filtering characteristic 
as shown in Fig. 1 8 can be obtained. Furthermore, in a second-stage filter, by making 
the capacitance ratio between the series-arm resonator and the lattice-arm resonator 
1 :2, a filtering characteristic as shown in Fig. 19 can be obtained. Therefore, by 
combining these filtering characteristics, it is understood that the attenuation value as 
a whole becomes high and the steepness in the vicinity of the passband can be 
increased. 
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In the surface acoustic wave filter described in Japanese Unexamined Patent 
Application Publication No. 7-288442, when attempts were made to obtain a high 
attenuation value at frequencies away from the passband, there was a problem that the 
steepness of filtering characteristics is reduced in the vicinity of the passband. As a 
lattice-type circuit constitutes a bridge circuit, when the capacitance of a series-arm 
resonator is represented by Zl and the capacitance of a lattice-arm resonator is 
represented by Z2 and only when the balance condition of Zl = Z2 is met, the output 
signal becomes zero and an attenuation pole is caused. Therefore, when attempts are 
made to achieve an attenuation value at frequencies away from the passband high, the 
closer to 1 : 1 the ratio between the electrode capacitance Zl of the lattice-arm 
resonator and the electrode capacitance Z2 of the series-arm resonator, the more 
desirable. 

However, when the ratio of electrode capacitance between the lattice-arm 
resonator and the series-arm resonator is made 1:1, like the filtering characteristic 
shown in Fig. 18, there was a problem that no attenuation pole is produced in the 
vicinity of the passband and that the steepness is deteriorated around the passband. 

On the other hand, as described in Japanese Unexamined Patent Application 
Publication No. 7-288442, when the ratio of electrode capacitance between the lattice- 
arm resonator and the series-arm resonator is changed from 1:1, like the filtering 
characteristic shown in Fig. 1 9, attenuation poles are produced around the passband 
and the steepness of filtering characteristics is improved. However, in this case, there 
was a problem that the attenuation value becomes low at frequencies away from the 
passband. 

In the prior art described in Japanese Unexamined Patent Application 
Publication No. 9-289434, although the above problem is solved, because of a 
plurality of stages of surface acoustic wave filters of a lattice-type circuit construction 
are cascaded, the whole device including all of the surface acoustic wave filters 
becomes very large. Furthermore, because of the construction where a plurality of 
stages are connected, there was a problem that loss increases in the passband. 
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SUMMARY OF THE INVENTION 

In order to overcome the problems described above, preferred embodiments 
of the present invention provide a surface acoustic wave filter having a lattice-type 
circuit construction that solves the above-mentioned problems with the prior art, the 
chip size is not increased to be a large size, loss in the passband is prevented from 
increasing, and the steepness in filtering characteristics is superior. 

The surface acoustic wave filter according to a preferred embodiment of the 
present invention includes a piezoelectric substrate and a plurality of surface acoustic 
wave resonators mounted on the piezoelectric substrate. The plurality of surface 
acoustic wave resonators are connected so as to constitute a lattice-type circuit having 
series-arm resonators and lattice-arm resonators. Each y value of the lattice-arm 
resonator and the series-arm resonator is different from each other. 

In another preferred embodiment of the present invention, parallel capacitors 
are added to at least either of the lattice-arm resonators and the series-arm resonators 
so that the y values of the lattice-arm resonator and the series-arm resonator are made 
different from each other. 

In another preferred embodiment of the present invention, IDT electrodes are 
provided and arranged such that in at least either of the lattice-arm resonators and the 
series-arm resonators, withdrawal weighting is performed so that the y values of the 
lattice-arm resonator and the series-arm resonator are different fi-om each other. 

In another preferred embodiment of the present invention, the difference in 
electrode capacitance between the series-arm resonator and the lattice-arm resonator 
including an external element connected to each resonator is preferably within about ± 
10% of the electrode capacitance of the lattice-arm resonator. 

In a surface acoustic wave filter according to preferred embodiments of the 
present invention, because a lattice-type circuit construction is used and the y value of 
lattice arms is different from the y value of series arms, the steepness of filtering 
characteristics is greatly increased in the vicinity of the passband. For example, when 
the y value of lattice arms is higher than the y value of series arms, the steepness of 
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filtering characteristics is significantly increased on the lower frequency side of the 
passband, and when the y value of series arms is higher than the y value of lattice 
arms, the steepness of filtering characteristics is significantly increased on the higher 
frequency side of the passband. 

Furthermore, in preferred embodiments of the present invention, since the 
steepness of filtering characteristics can be increased by only controlling the y value of 
the lattice arms and series arms, it is not necessary to use an arrangement having a 
plurality of stages. Therefore, it is possible to avoid larger chip sizes and increased 
losses in the passband. 

Consequently, according to preferred embodiments of the present invention, 
it is possible to provide a surface acoustic wave filter which has a very small size, a 
very small insertion loss, and excellent steepness of filtering characteristics. 

Furthermore, it is possible to make the attenuation value high enough in the 
frequency region away from the passband. 

In preferred embodiments of the present invention, when parallel capacitors 
are added to at least either lattice-arm resonators or series-ami resonators, it is 
possible to make the y value of the resonators having capacitors added thereto 
diflferent from the y value of the resonators having no capacitors added thereto and to 
increase the steepness of filtering characteristics according to prefened embodiments 
of the present invention. 

Furthermore, in prefenred embodiments of the present invention, when the 
electrode fingers of at least either of the IDT electrodes of lattice-arm resonators and 
the series-arm resonators are thinned out, as the y value is made different from the 
other by the withdrawal weighting, the steepness of filtering characteristics can be 
increased according to preferred embodiments of the present invention. 

Moreover, in preferred embodiments of the present invention, when the 
difference between the electrode capacitance of lattice-arm resonators and the 
electrode capacitance of series-arm resonators is within about ± 10% and is more 
preferably within about ± 5% of the electrode capacitance of the lattice-arm 
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resonators, because the electrode capacitances of both resonators are close in value to 
each other, the attenuation value can be made high enough in the frequency region 
away from the passband. 

Other features, characteristics, advantages and elements of the present 
invention vvill become more apparent from the following detailed description of 
preferred embodiments of the present invention with reference to the attached 
drawings. 

For the purpose of illustrating the present invention, there is shoum in the 
drawings several forms which are presently preferred, it being understood, however, 
that the present invention is not limited to the precise arrangements and 
instrumentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the circuit construction of a surface acoustic wave filter 
according to a first preferred embodiment of the present invention. 

Fig. 2 shows an equivalent circuit of a surface acoustic wave resonator 
including a pair of terminals. 

Fig; 3 shows the impedance characteristics of two surface acoustic wave 
resonators in which the y values are different from each other. 

Fig, 4 shows the impedance characteristics of two surface acoustic wave 
resonators including a pair of terminals in which the y values are the same and the 
resonant frequencies are diflFerent. 

Fig, 5 shows the phase characteristics of two surface acoustic wave 
resonators in which the y values are the same and the resonant frequencies are 
different. 

Fig. 6 shows the impedance characteristics of two surface acoustic wave 
resonators in which the electrode capacitance is different from each other. 

Fig, 7 shows the impedance characteristics of a surface acoustic wave 
resonator Zl having a high y value and a surface acoustic wave resonator Z2 having a 
low y value. 
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Fig. 8 shows the impedance characteristics of a surface acoustic wave 
resonator Zl having a low y value and a surface acoustic wave resonator Z2 having a 

high y value. 

Fig. 9 shows the filtering characteristic of the surface acoustic wave filter of a 
first preferred embodiment of the present invention. 

Fig. 10 shows the relationship between the difference in capacitance between 
series-arm resonators and lattice-arm resonators and the attenuation value outside the 
passband in the surface acoustic wave filter of the first preferred embodiment of the 
present invention. 

Fig. 1 1 shows the circuit construction of a surface acoustic wave filter of a 
second preferred embodiment of the present invention. 

Fig. 12 shows the filtering characteristic of the surface acoustic wave filter of 
the second preferred embodiment of the present invention. 

Fig. 13 shows the circuit construction of a surface acoustic wave filter of a 
third preferred embodiment of the present invention. 

Fig. 14 is a partial cutaway top view for describing an IDT electrode included 
in the third preferred embodiment in which the withdrawal weighting is performed. 

Fig. 1 5 shows the filtering characteristic of the surface acoustic wave filter of 
the third preferred embodiment. 

Fig. 16 shows the circuit construction of a conventional lattice-type surface 
acoustic wave filter. 

Fig. 1 7 is a schematic top view showing the electrode construction of a 
surface acoustic wave resonator. 

Fig. 1 8 shows one example of filtering characteristics of the conventional 
lattice-type surface acoustic wave filter. 

Fig. 19 shows the filtering characteristic of a conventional lattice-type 
surface acoustic wave filter in which the capacitance ratio of lattice-arm resonators 
and series-arm resonators is made different from each other. 
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Fig. 20 is a block diagram showing in part a communication device in which 
a surface acoustic wave filter according a preferred embodiment of the present 
invention is used. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present invention are explained in 
detail with reference to the drawings. 

Fig. 1 shows the circuit construction of a surface acoustic wave filter 
according to a first preferred embodiment of the present invention. In the surface 
acoustic wave filter 1 of this preferred embodiment of the present invention, a series- 
arm resonator 4 is connected between a signal terminal 2 and a signal terminal 3. 
Furthermore, a series-arm resonator 6 is connected between a signal terminal 5 and a 
signal terminal 7. 

That is, a series arm is provided between the signal terminal 2 and the signal 
terminal 3. and another series arm is provided between the signal terminal 5 and the 
signal terminal 6 as described above. 

Furthermore, a lattice-arm resonator 8 is connected between the signal 
terminal 2 and the signal terminal 6, and a lattice-arm resonator 9 is connected 
between the signal terminal 5 and the signal terminal 3. As described above, a first 
lattice arm is provided between the signal terminal 2 and the signal terminal 6, and a 
second lattice arm is provided between the signal terminal 5 and the signal terminal 3. 

Furthermore, capacitors 10 and 11 are arranged substantially parallel to the 
first and second lattice-arm resonators 8 and 9 and are connected in the present 
preferred embodiment although they are necessarily required in the present invention. 

Next, with reference to Figs. 2 to 9, it is described that the steepness of 
filtering characteristics in the vicinity of the passband is increased in the surface 
acoustic wave filter 1 having a lattice-type circuit construction according to the 
present preferred embodiment. 

The equivalent circuit of a resonator is generally shown as in Fig. 2. That is, 
between an input tenninal 12 and an output terminal 13, an inductor, represented by 
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inductance L, a capacitor, represented by capacitance CI, and a resistor, represented 
by resistance R, are connected in series, and a parallel capacitor of capacitance CO is 
connected to the inductor, capacitor, and resistor. 

The ratio of the capacitance CO to the capacitance CI in the equivalent circuit 
is a y value, that is, a capacitance ratio. 

y = CO/Cl 

The above y value is one of parameters showing resonance characteristics. 
The above y value reversely correlates with the frequency difference Af = fa - fb 
between a resonant frequency fr and an antiresonant frequency fa. That is, the higher 
the y value is, the smaller the frequency difference Af is, and the lower the y value 
becomes, the larger the frequency difference Af becomes. 

Fig. 3 shows the impedance characteristics of two resonators having different 
y values. The impedance characteristic shown by a broken line in Fig. 3 is the case 
where the y value is higher, and the solid line shows the case where the y value is 
lower. 

As clearly seen by comparing the impedance characteristics shown by the 
solid and broken lines in Fig. 3, when the other conditions are the same, it is 
understood that the frequency difference Af, and other characteristics, can be made 
different by altering the y value. 

Now, the attenuation pole of a surface acoustic wave filter having a lattice- 
type circuit construction is caused at a frequency where the lattice-arm resonators and 
the series-arm resonators have the same impedance as described in Japanese 
Unexamined Patent Application Publication No. 9-289434. That is, the attenuation 
pole is produced at a frequency at which the balanced condition of a lattice-type 
circuit is achieved. 

Therefore, in a surface acoustic wave filter having a lattice-type circuit 
construction, when the lattice-arm resonators and the series-arm resonators have the 
same y value and only the resonant frequencies are different, the impedance 
characteristic of each resonator is as shown in Fig. 4. That is, no attenuation pole is 



. 10- 

produced in the vicinity of the passband, and the steepness of filtering characteristics 
is worsened in the vicinity of the passband. 

Moreover, in Fig. 4, at the frequencies f71 and f72 where the impedance of 
the two resonators is in accord v^th each other, the absolute value of the impedances 
is the same, but, as shown in Fig. 5, the phase is different from each other, and 
accordingly the lattice-type circuit does not meet the balanced condition. 

On the other hand, as shown in Fig. 6, when the electrode capacitance of the 
lattice-arm resonators and the series-arm resonators is made different from each other, 
the frequencies f92 and f93 where both impedances become equal are caused and 
attenuation poles appear. However, in this case, at the frequencies such as f9l and f92 
that are spaced away from the passband, the impedances become different and the 
attenuation value is deteriorated. 

Then, in the present preferred embodiment, two kinds of resonators where 
only the y value is different without changing the electrode capacitance are used. 
Hereinafter, the construction where parallel capacitors of capacitance 10 and 1 1 are 
connected to the lattice-arm resonators 8 and 9 which is used in the present preferred 
embodiment is referred to as a lattice-arm resonator Zl and the construction of the 
series-arm resonators 4 and 7 is referred to as a series-arm resonator Z2. 

Fig. 7 shows the impedance characteristics of the lattice-arm resonator Zl 
and series-arm resonator Z2. Here, in the lattice-arm resonator Zl and series-arm 
resonator Z2, only the y value is different from each other, and more specifically, the y 
value of the lattice-arm resonator Zl is made larger than the y value of the series-arm 
resonator Z2 by adding the parallel capacitors, represented by capacitance 10 and 1 1. 
As clearly seen in Fig. 7, a frequency flOl where the impedances of the lattice-arm 
resonator Zl and the series-arm resonator Z2 become substantially equal is newly 
produced. 

On the contrary, when the y value of the series-arm resonator Z2 is made 
larger than the y value of the lattice-arm resonator Zl, as shown in Fig. 8, a frequency 
fl 1 1 where both impedances become substantially equal is newly produced. 
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Therefore, when the y value of the lattice-arm resonator ZI is larger than the 
y value of the series-ann resonator Z2, the steepness of filtering characteristics is 
increased in the lower frequency region than the passband. On the contrary, when the 
7 value of the series-arm resonator Z2 is larger than the y value of the lattice-arm 
resonator Zl, it is understood that the steepness of filtering characteristics is increased 
in the higher frequency region than the passband. 

Furthermore, since the surface acoustic wave filter 1 of the present preferred 
embodiment is constructed by using a filter circuit of one stage construction as 
described above, the insertion loss is not increased in the passband, and the chip size 
is not increased either. 

Next, a specific example of the first preferred embodiment of the present 
invention is described. 

On a 36° Y-cut X-propagatlon LiTaOj substrate as a piezoelectric substrate 
(not illustrated), four surface acoustic wave resonators including a pair of terminals 
are constructed so as to have a circuit construction shown in Fig. 1 . That is, two 
elements of series-arm resonators 4 and 7 and two elements of lattice-arm resonators 8 
and 9 are connected so as to define a lattice-type filter circuit. The specification of the 
series-arm resonators 4 and 7 and lattice-arm resonators 8 and 9 is as described below. 

The cross width (aperture) of electrode fingers of an IDT electrode in the 
series-arm resonators 4 and 7 is preferably about 55 fxm, the number of pairs of 
electrode fingers is preferably 80, and the number of electrode fingers in the reflector 
on both sides is preferably 100. The cross width of electrode fingers in the lattice- 
arm resonators 8 and 9 is preferably about 35 |im, the number of pairs of electrode 
fingers is preferably 80, and the number of electrode fingers in the reflector on both 
sides is preferably 100. 

Furthermore, in the present preferred embodiment, the capacitances 10 and 
1 1 of parallel capacitors connected to the lattice-arm resonators 8 and 9 are about 1 
pF. respectively. 
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The capacitors, represented by capacitance 10 and 1 1, are preferably 
constructed by disposing a pair of comb-shaped electrodes on the piezoelectric 
substrate. However, the electrode construction constituting parallel capacitance is not 
limited to the use of comb-shaped electrodes. 

Moreover, the electrode capacitance of the series-arm resonators 4 and 7 is 
preferably about 2.8 1 pF, and when the above parallel capacitance is added to the 
electrode capacitance of the lattice-arm resonators, the added capacitance is in accord 
with the electrode capacitance of the series-arm resonators. 

The filtering characteristic of the surface acoustic wave filter of the first 
preferred embodiment constructed as described above is shown in Fig. 9. 

Moreover, a solid line B in Fig. 9 shows the filtering characteristic shown by 
a broken line A that has been enlarged in the vicinity of the passband by a scale shown 
on the right side of the vertical axis. 

As cleariy seen in Fig. 9, the attenuation value on the lower frequency side of 
the passband is considered sufficient, and accordingly it is understood that the 
steepness of filtering characteristics is sufficient in the vicinity of the passband. 

Furthermore, in the present preferred embodiment, as the parallel capacitors, 
represented by the capacitance 10 and 1 1, are added to the lattice-arm resonators 8 and 
9, the y value is increased compared with the series-arm resonators 4 and 7 with no 
capacitance added. As a result, a frequency is produced to achieve a new balanced 
condition on the lower frequency side of the passband. 

That is, in the present preferred embodiment, the parallel capacitance is 
added to the lattice-arm resonators and the y value of the lattice-arm resonator is made 
different from the y value of the series-arm resonator. As a result, the steepness of the 
filtering characteristic on the lower frequency side of the passband is increased. 

Furthermore, as clearly seen in Fig. 9, the attenuation value is considered to 
be sufficient in the frequency region spaced away from the resonator frequency. This 
is because the electrode capacitances of the lattice-arm resonators 8 and 9 with the 
capacitance 10 and 1 1 added are substantially equal to the electrode capacitance of the 
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series-arm resonators 4 and 7 in the frequency region spaced away from the resonant 
frequency. 

Fig. 10 shows the relationship between the ratio(%) to the electrode 
capacitance of the lattice-arm resonators, of the difference in electrode capacitance of 
the series-arm resonators and the lattice-arm resonators including the external 
elements like the capacitors, represented by the capacitance 10 and 11, connected to 
each resonator in order to increase the capacitance and the attenuation value at a 
frequency spaced away from the passband, that is, at 1300MHz in the specific 
example of the surface acoustic wave filter according to the first preferred 
embodiment of the present invention. As clearly understood in Fig. 10, the larger the 
difference in the above-described capacitance is, the worse the attenuation value is. 
The higher the attenuation value outside the passband is, the better the filtering 
characteristic is. However, generally it is preferable that the attenuation value outside 
the passband is about 25 dB or more and that the attenuation value outside the 
passband is more preferably about 30 dB or more. Therefore, it is understood that the 
difference in capacitance between the series-arm resonator and the lattice-arm 
resonator is preferably about ± 10% or less than about ± 10% and that the difference 
in capacitance between the series-arm resonator and the lattice-arm resonator is more 
preferably about ± 5% or more than about ± 5% 

Fig. 1 1 shows the circuit construction of a surface acoustic wave filter 
according to a second preferred embodiment of the present invention. In the surface 
acoustic wave filter 21 of the second preferred embodiment, parallel capacitors, 
represented by capacitances 22 and 23, are added to series-arm resonators 4 and 7, and 
parallel capacitors are not added to lattice-arm resonators 8 and 9. As the other 
construction is similar to that of the first preferred embodiment, by giving the same 
reference numeral to the same portion and by quoting the description of the first 
preferred embodiment, its description is omitted. 

By describing a specific example of the surface acoustic wave filter 2 1 of the 
second preferred embodiment together with the filtering characteristics, the effect of 
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the second preferred embodiment will be made clear. 

The specification of the series-arm resonators 4 and 7 and the lattice-arm 
resonators 8 and 9 is as described below. 

The cross width of electrode fingers of an IDT electrode in the series-arm 
resonators 4 and 7 is preferably about 35 nm, and the number of pairs of electrode 
fingers was preferably 80. Furthermore, the nuniber of electrode fingers of the 
resonator was preferably 100. 

On the other hand, the cross width of electrode fingers of an IDT electrode in 
the lattice-arm resonators 8 and 9 was about 55 ^m, the number of pairs of electrode 
fingers was preferably 80, and the number of electrode fingers of the resonator was 
preferably 100. ^ 

Furthermore, the value of capacitance of the above-described added parallel 
capacitors, represented by capacitance 22 and 23, was about 1 pF. The added parallel 
capacitors, represented by capacitances 22 and 23, were constructed by disposing a 
pair of comb-shaped electrodes on the piezoelectric substrate. 

Moreover, the electrode capacitance of the surface acoustic wave resonators 
themselves constituting the series-arm resonators 4 and 7 is about 1 .8 pF, and the 
electrode capacitance of the surface acoustic wave resonators themselves constituting 
the lattice-arm resonators 8 and 9 is about 2.8 pF. Therefore, when the capacitance I 
pF which was added by the above-described added parallel capacitors, represented by 
capacitance 22 and 23, is added to the electrode capacitance of the series-arm 
resonators 4 and 7, the added electrode capacitance agrees with the electrode 
capacitance of the lattice-arm resonators 8 and 9. 

Fig. 12 shows the filtering characteristic of the second preferred embodiment 
constructed as described above. A solid line in Fig. 12 is the essential portion of the 
filtering characteristic shown by a broken line C where the value of insertion loss of 
the vertical axis is enlarged in accordance vsdth the scale shown on the right side of the 
vertical axis. 
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As clearly seen in Fig. 1 2, because the y value of the series-arm resonators 
where the capacitors, represented by capacitances 22 and 23, are added to the series- 
arm resonators 4 and 7 becomes larger than the y value of the lattice-arm resonators 8 
and 9, frequencies meeting the balance condition are newly produced on the higher 
frequency side of the passband. Therefore, as shown in Fig. 12, the steepness of 
filtering characteristics on the higher frequency side of the passband is increased. 

Furthermore, because the electrode capacitances of the series-arm and lattice- 
arm resonators are substantially equal to each other in the frequency region spaced 
away from the resonant frequency, it is understood that the attenuation value is high 
enough in the frequency region spaced away from the passband. 

Fig. 13 shows the circuit construction of a surface acoustic wave filter of a 
third preferred embodiment. In the surface acoustic wave filter 31 of the third 
preferred embodiment, no capacitors are added to any of series-arm resonators and 
lattice-arm resonators. 

No additional capacitors are connected to any of the series-arm resonators 32 
and 33 and lattice-arm resonators 34 and 35. 

In the present preferred embodiment, in such a way that in an IDT electrode 
of the lattice-arm resonators 34 and 35 the electrode fingers are thinned out and 
dummy electrodes are disposed in the thinned electrode fingers, the y value of the 
lattice-arm resonators 34 and 35 is made higher. 

Based on a more specific example, the detail of the third preferred 
embodiment is made clear 

The specification of a surface acoustic wave resonator constituting the series- 
arm resonators 32 and 33 is as described below. 

The cross width of electrode fingers of an IDT electrode is preferably about 
55 |im, the number of pairs of electrode fingers is preferably 80, and the number of 

electrode fingers of the reflector is preferably 100. The cross width of electrode 
fingers of an IDT electrode in the lattice-arm resonators 34 and 35 is preferably about 
55 |im, the number of pairs of electrode fingers is preferably 80, and the number of 
electrode fingers in the reflector is preferably 100. 
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In the IDT electrode of the lattice-arm resonators 34 and 35, one third of the 
total electrode fingers are thinned out and dummy electrodes are disposed in the 
thinned-out portion. This is enlarged and shown in Fig. 14. Fig. 14 is a partial 
cutaway top view showing the enlarged essential portion of the IDT electrode of the 
lattice-arm resonators, and here dummy electrodes X are disposed at the locations 
where the electrode fingers are thinned out. By the withdrawal of electrode fingers the 
y value of the lattice-arm resonators 34 and 35 is made higher. 

However, when the electrode fingers are thinned out according to a certain 
rule in such a way that one of three electrode fingers is thinned out in order, ripples 
are caused at specific frequencies. Accordingly, in the present preferred embodiment, 
the above withdrawal weighting is performed at random. 

Moreover, the number of pairs of electrode fingers of the IDT electrode in the 
lattice-arm resonators, that is, 80 pairs excludes the thinned-out electrode fingers. 
Accordingly, the electrode capacitance of the lattice-arm resonators 34 and 35 is 
nearly in accord with the electrode capacitance of the series-arm resonators 32 and 33. 

Fig. 1 5 shows the filtering characteristic of the surface acoustic wave filter of 
the third preferred embodiment, hi Fig. 15, a solid line F shows the characteristic 
where the essential portion of the filtering characteristic shown by a broken line E is 
enlarged in accordance with the scale shown on the right side of the vertical axis. 

As clearly seen in Fig, 15, the steepness of filtering characteristics on the 
lower frequency side of the passband is increased in the same way as in the first 
preferred embodiment. This is because by withdrawal weighting the electrode fingers 
of the IDT electrode of the lattice-arm resonators 34 and 35, the y value of the lattice- 
arm resonators 34 and 35 is made higher than the y value of the series-arm resonators 
32 and 33 and by the withdrawal weighting the frequencies meeting a new balanced 
condition is produced on the lower frequency side of the passband. Accordingly, an 
attenuation pole is formed on the lower frequency side of the passband and the 
steepness of the filtering characteristic is greatly increased. 
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In the present preferred embodiment, the above withdrawal weighting was 
performed in the lattice-arm resonators 34 and 35 and the steepness of filtering 
characteristics was increased on the lower frequency side of the passband, but, on the 
contrary, when the withdrawal weighting is performed in the series-arm resonators 32 
and 33 as described above, the steepness is increased on the lower frequency side of 
the passband. 

The surfece acoustic wave filters according to first to third preferred 
embodiments can be successfully applied to a communication device such as a 
cellular phone. Fig. 16 is a block diagram showing a portion of a communication 
device 160. In the communication device 160, an antenna 161 is connected to a 
duplexer 162. The duplexer 162 is connected to an amplifier 167 and a surface 
acoustic wave filter 164. The amplifier 167 is connected to a transmitting side mixer 
1 66 through a RF stage surface acoustic wave filter 168. The surface acoustic wave 
filter 1 64 is connected to an amplifier 165 which is connected to an IF stage filter 
through a mixer 163. 

The surface acoustic wave filter according to the first to third preferred 
embodiments of the present can suitably used for the RF stage surface acoustic wave 
filter 168 in the communication device 160. 

As clearly understood from the first to third preferred embodiments, as a 
method for making the y value of lattice arms and series arms different, excluding a 
method for making the capacitance ratio of a surface acoustic wave resonator 
constituting each of lattice-arm resonators and series-arm resonators different, various 
methods of adding parallel capacitors, withdrawal weighting electrode fingers of IDT 
electrodes, and other suitable methods, can be used as described above. 

Furthermore, in the first to third preferred embodiment, the examples using a 
36" Y-cut X-propagation LiTaOj substrate were shown, but other piezoelectric 
substrates may be used. 

Moreover, the number of electrode fingers of the reflector in the surface 
acoustic wave resonators of a pair of terminals constituting the series-arm resonators 
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and lattice-arm resonators was preferably 100 in the specific examples of the first to 
third preferred embodiments described herein, but the number of electrode fingers is 
not limited to this. 

As for the cross width and the number of pairs of electrode fingers of the IDT 
electrodes constructed to show the specific filtering characteristics in the first to third 
preferred embodiments, they are not limited to the above examples. 

While preferred embodiments of the invention have been disclosed, various 
modes of carrying out the principles disclosed herein are contemplated as being within 
the scope of the following claims. Therefore, it is understood that the scope of the 
invention is not to be limited except as otherwise set forth in the claims. 
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CLAIMS: 

1 . A surface acoustic wave filter comprising: 
a piezoelectric substrate; and 

a plurality of surface acoustic wave resonators disposed on the piezoelectric 
substrate; 

wherein the plurality of surface acoustic wave resonators are connected so as 
to constitute a lattice-type circuit having series arm resonators and lattice arm 
resonators, and a y value of the lattice arm resonators and a y value of the series arm 
resonators are different from each other. 

2. A surface acoustic wave filter as claimed in claim 1, wherein parallel 
capacitors are connected in parallel across- at least one of the lattice arm resonators 
and the series arm resonators so that the y values of the lattice arm resonators and the 
series arm resonators are different from each other. 

3. A surface acoustic wave filter as claimed in claim 1, wherein each of the 
surface acoustic wave resonators comprises an IDT electrode, and the IDT electrode 
of at least one of the lattice arm resonators and the series arm resonators is withdrawn 
weighted so that the y values of the lattice arm resonator and the series arm resonator 
are different from each other. 

4. A surface acoustic wave filter as claimed in claim 1, wherein the 
difference in electrode capacitance between at least one of the series arm resonators 
and at least one of the lattice arm resonators including an external element connected 
to each resonator is within about ± 10% of the electrode capacitance of the at least one 
of the lattice arm resonators. 
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5. A surface acoustic wave filter as claimed in claim 4, wherein the 
difference in electrode capacitance between the at least one of the series arm 
resonators and the at least one of the lattice arm resonators is within about ± 5% of the 
electrode capacitance of the at least one of the lattice arm resonators. 

6. A surface acoustic wave filter as claimed in claim 1, wherein the series 
arm resonators are disposed between signal terminals. 

7. A surface acoustic wave filter as claimed in claim K wherein the lattice 
arm resonators are disposed between signal terminals. 

8. A surface acoustic wave filter as claimed in claim 1, further comprising an 
input terminal, an output terminal, and between the input terminal and the output 
terminal, an inductor, a capacitor, and a resistor connected in series, and a parallel 
capacitor of capacitance is connected to the inductor, capacitor, and resistor. 

9. A surface acoustic wave filter as claimed in claim 1, wherein the electrode 
capacitance of each of the lattice-arm resonators and each of the series arm resonators 
is different from each other. 

1 0. A surface acoustic wave filter as claimed in claim 1 , wherein the y value 
of each of the lattice arm resonators is larger than the y value of each of the series arm 
resonators. 

1 1 . A surface acoustic wave filter as claimed in claim 1 , wherein the y value 
of each of the series arm resonators is larger than the y value of each of the lattice arm 
resonators. 
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1 2. A surface acoustic wave filter as claimed in claim 1 , further comprising 
parallel capacitors provided in the series arm resonators. 

1 3. A surface acoustic wave filter as claimed in claim 1 , wherein the series 
arm resonators and the lattice arm resonators do not have parallel capacitors. 

14. A communication device comprising: 

at least one surface acoustic wave filter including: 
a piezoelectric substrate; and 

a plurality of surface acoustic wave resonators disposed on the 
piezoelectric substrate: 

wherein the plurality of surface acoustic wave resonators are 
connected so as to constitute a lattice-type circuit having series-arm resonators and 
lattice-ami resonators, and a y value of the lattice-arm resonators and a y value of the 
series-arm resonators are different from each other. 

1 5. A communication device according to claim 14, further comprising an 
antenna, a duplexer, an amplifier, a transmitting side mixer, wherein the antenna is 
connected to the duplexer, the duplexer is connected to the amplifier and the at least 
one surface acoustic wave filter. 

16. A communication device according to claim 14, wherein parallel 
capacitors are connected in parallel across at least one of the lattice arm resonators 
and the series arm resonators so that the y values of the lattice arm resonators and the 
series arm resonators are different from each other. 

17. A communication device according to claim 14, wherein each of the 
surface acoustic wave resonators comprises an IDT electrode, and the IDT electrode 
of at least one of the lattice arm resonators and the series arm resonators is withdrawn 
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weighted so that the y values of the lattice arm resonator and the series arm resonator 
are different from each other. 

18. A corhmunication device according to claim 14, wherein the difference in 
electrode capacitance between at least one of the series arm resonators and at least one 
of the lattice arm resonators including an external element connected to each resonator 
is within about ± 1 0% of the electrode capacitance of the at least one of the lattice arm 
resonators. 

1 9. A communication device according to claim 14, wherein the difference 
in electrode capacitance between the at least one of the series arm resonators and the 
at least one of the lattice arm resonators is within about ± 5% of the electrode 
capacitance of the at least one of the lattice arm resonators. 

20. A communication device according to claim 14, wherein the electrode 
capacitance of each of the lattice-arm resonators and each of the series arm resonators 
is different from each other. 

21 . A communication device according to claim 14, wherein the y value of 
each of the lattice arm resonators is larger than the y value of each of the series arm 
resonators. 

22. A communication device according to claim 14, wherein the y value of 
each of the series arm resonators is larger than the y value of each of the lattice arm 
resonators. 



23. A surface acoustic wave filter substantially as hereinbefore described 
with reference to the accompanying drawings, 

24. A communication device substantially as hereinbefore described with 
reference to the accompanying drawings. 
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